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ABSTRACT 
The  deoxyribonucleic  acid  (DNA)  content  of  Feulgen-stained  interphase  nuclei  from 
human  amnion epithelium and  liver parenchyma  as well as the DNA content of their sex 
chromatin  or  heterochromatic  bodies  was  determined  histophotometrically.  In  female 
nuclei  the  ratio  between  the  nuclear  DNA  content  and  that  of their  sex  chromatin  or 
heterochromatic  bodies remains constant irrespective of the polyploid state  of the nucleus. 
Thus,  in polyploid nuclei the heterochromatic bodies double their DNA content with each 
duplication of the diploid nuclear DNA content.  Therefore, it is assumed  that the large or 
multiple  heterochromatic  bodies  of female  polyploid  nuclei  are  conjugated  or  multiple 
sex  chromatin  bodies.  Some  male  diploid  nuclei  show  a  distinct  heterochromatic  body 
whose DNA content is about one-half that of a  sex chromatin.  About one-half of the poly- 
ploid male nuclei have heterochromatic  bodies whose DNA content is approximately one- 
half of those  of female  nuclei  of the  corresponding  polyploid  class.  This  would  indicate 
that  in male diploid  nuclei the single X  chromosome sometimes leaves a  heterochromatic 
rest one-half the size of a  sex chromatin and in polyploid male nuclei the two or more X's 
may  leave larger  heterochromatic  bodies.  However,  many  male  nuclei,  even when  poly- 
ploid,  do  not have distinct heterochromatic  bodies.  Possibly  the  heterochromatic  portions 
of the X's have failed to join and form a  sex chromatin-like body; or the Y  inhibits the X 
from leaving a  heterochromatic rest. The proposal of other authors  that the sex chromatin 
is derived from but one  of the X  chromosomes of the female nucleus,  the  X  in  the  male 
leaving  no  heterochromatic  rest,  is  also  considered.  The  DNA  content  does  not  vary 
significantly between  nuclei  with  and  without  sex  chromatin or heterochromatic  bodies. 
It  remains  clear  that  female  nuclei  with  abnormally  large  or  multiple  sex  chromatin 
bodies and male nuclei with large distinct heterochromatic  bodies are always polyploid. 
INTRODUCTION 
In a  preliminary report  (1)  we showed that nuclei 
of  female  human  amnion  epithelium  have  sex 
chromatin  bodies  whose  content  of  deoxyribo- 
nucleic acid (DNA)  is directly proportional  to the 
DNA  content  of  the  entire  nucleus.  Thus  in 
polyploid female nuclei the sex chromatin doubles 
its  DNA  content  with  each  duplication  of  the 
diploid  nuclear  DNA.  Heterochromatic  bodies, 
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345 whose DNA content was similar to that of the sex 
chromatin of female  nuclei,  were found  in  some 
polyploid male nuclei. These findings, which were 
only briefly reported on, have here been extended 
in order  to  establish with  as  much  accuracy  as 
possible, the relationship between the number and 
DNA  content of the  sex  chromatin  and  hetero- 
chromatic  bodies  and  the  total  DNA  content of 
normal  human  somatic  nuclei.  This  relationship 
in  normal  nuclei will serve as  a  basis for similar 
studies of malignant cell nuclei. 
In addition an attempt has been made to answer 
the  following  questions  which  have  presented 
themselves in  previous  investigations:  (1)  Is  the 
sex chromatin a derivative of the X  chromosomes? 
(2)  Why do some nuclei contain abnormally large 
or  multiple  heterochromatic  bodies?  (3)  Why  is 
the sex chromatin absent in  some female nuclei? 
(4)  Why is a  sex chromatin-like body  present  in 
some male nuclei? 
To the previously obtained data we have added 
sufficient  supplemental  DNA  measurements  of 
human  amniotic  nuclei  so  that  the  results could 
be analysed statistically. For the purpose of com- 
parison  with  another  tissue,  measurements were 
made of parenchymal liver cell nuclei. 
The  following terminology will  be used in  this 
paper:  The  heterochromatin  of  the  intermitotic 
nucleus will be divided into the heterochromatin  de- 
rived from the sex chromosomes and the heterochromatin 
resulting  from  the  heteropyknotic  portions  of  the  auto- 
somes.  The  sex  chromatin  (other  authors  have  re- 
ferred to it as the female chromocenter, sex specific 
heterochromatin, Barr's body, etc.) will be placed 
in the first category. We use the term sex chromatin 
only for the strongly Feulgen positive heterochro- 
matic body of the diploid female nucleus where it 
is about 1 X  1.5 #  large, with sharp margins, and 
most commonly situated  adjacent  to  the  nuclear 
membrane in the tissues here studied. For a  more 
detailed  description  of  the  sex  chromatin  see 
Reitalu (2, 3)  and Klinger (4~6).  The term hetero- 
chromatic  body will  be  used  for  any  other distinct 
heterochromatic mass  irrespective of the  type  of 
nucleus,  male  or  female,  in  which  it  occurs.  At 
this  point  we  do  not  know  whether  the  hetero- 
chromatic bodies are derived from the sex chromo- 
somes or the autosomes. This very question is one 
of  the  prime  concerns of this  paper.  The  above 
terminological  system  may  be  presented  in  the 
following scheme: 
Nuclear  heterochromalin 
/  \ 
Heterochromatin derived  Heterochromatin derived 
from the sex chromosomes  from the autosomes 
I 
Sex chromatin of 
diploid female nuclei  I 
(Most likely derived from l  / 
the sex chromosomes)  I 
Heterochromalic bodies 
(Derived from the sex 
chromosomes or from the 
autosomes) 
Obviously these distinctions are  arbitrary  and  in 
practice they cannot always be made as easily as 
such a scheme would imply. The manner in which 
these terms are used here is not in complete agree- 
ment with the way other authors have used them, 
yet for  the sake  of clarity these distinctions must 
be made  in  the  present work.  Although we only 
determined the DNA content of the  nuclei with- 
out making direct chromosome counts we use the 
symbol n for  the haploid DNA  content of sperm 
and 2n,  4n,  8n,  and  16n for the diploid and poly- 
ploid nuclei respectively. Thus we  avoid  the  per- 
haps more exact but somewhat awkward usage of 
1DNA, 2DNA, etc. of other authors. 
Barr  and  Moore  (7)  reported  multiple  (usually 
two)  sex chromatin bodies in some of the nuclei in 
malignant tumors. Atkin (8) found 7 out of 65 malig- 
nant tumors in females had  two  sex  chromatin-like 
bodies per nucleus.  Myers  (9)  described nuclei with 
multiple  sex  chromatin  in  teratomas.  Barr  and 
Moore  ascribed  the  multiple  sex  chromatin  nuclei 
to hyperploidy. Atkin showed with the aid of chro- 
mosome  counts  and  photometric DNA  estimations 
of the malignant cell nuclei that the nuclei with two 
sex  chromatin-like bodies were  tetraploid.  In  non- 
pathological  material  Bassermann  (10)  reported 
multiple  sex  chromatin  in  some  of  the  nuclei  of 
ciliated  bronchial  epithelium.  Reitalu  (2)  also 
reported two single or one double-sized sex chromatin 
in  tetraploid liver  cell  nuclei of man,  and  later  in 
the rat  (3).  This  author also  claimed that he could 
identify  the  heterochromatic  portion  of  the  single 
X  chromosome as  well as  of the Y  chromosome in 
male nuclei of both the rat and man.  In a few tetra- 
ploid  male  nuclei  he  found  a  chromatin  mass  the 
size of a female sex chromatin. Fraccaro and Lindsten 
(l l)  frequently found large nuclei in  tissue cultures 
of  different  human  somatic  cells  which  had  two 
heterochromatic bodies resembling the sex chromatin. 
They  suggested  that  these  nuclei  may  possibly  be 
heteroploid  with  an  increased  number  of  chro- 
mosomes. 
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of Reitalu  in  the  rat  liver  in  respect  to  tetraploid 
female  nuclei  but  not  in  those  of  the  male.  The 
latter  authors  interpret  their  findings  differently  as 
will be discussed later. 
MATERIALS  AND  METHODS 
The amnia from 15 human embryos (3.4 to 200 ram. 
crown-rump  length)  and  from  two  newborn  infants 
(in  all  7  females and  l0  males)  were  spread  out  on 
glass plates  and  fixed in  95  per  cent  alcohol  within 
5  to  30  minutes  after  operative  removal  or  birth. 
The  livers  from  2  embryos  were  perfused  in  situ 
for  5  minutes with  physiological  NaCl  solution  and 
small pieces were teased gently on a  slide which had 
previously  been  coated  with  egg-albumin.  This 
slide  bearing  the  teased  liver  was  placed  against  a 
second  slide  which  was  also  coated  with  albumin. 
The two slides were drawn rapidly apart and plunged 
into  95  per  cent  alcohol.  Capillary  force  served  to 
separate  the liver cells into  a  thin layer,  but did not 
for  the  most  part  rupture  the  nuclear  membranes. 
Smears were prepared from the ejaculates of 7 fertile 
males and fixed in 95 per cent alcohol. 
All  preparations  were  stained  according  to  a 
strictly  standardized  Feulgen  procedure  which  we 
described  elsewhere  (4,  13).  Hydrolysis  time  was 
20 minutes in 5 N HC1 at 22°C. 
Pieces of amnion from different embryos and from 
a  position distal to the placental border,  the position 
from  which  all  our  specimens  were  taken,  were 
embedded  in  paraffin  after  fixation  was  complete 
and  l0  /~  sections  were  cut  at  right  angles  to  the 
surface  of  the  amnion.  In  these  Feulgen-stained 
sections  200  nuclear  diameters  which  are  at  right 
angles  to  the  amnion  surface  were  determined  by 
means of an  ocular  micrometer.  It  was  found  that 
all the epithelial nuclei lie in a  single plane. There is 
no  great  variation  in  thickness of the  nuclei  within 
one  preparation.  The  nuclei  are  greatly  flattened 
with  the  upper  and lower  surfaces being practically 
parallel  to one another except at the margins where 
they bend to meet. The nuclei were found to be about 
/]~  as thick as they are long.  These findings indicate 
that  for  photometric  purposes,  where  the  optical 
density of only the more central  parts of the nucleus 
were  used,  they  could  be  considered  as  cylinders. 
The importance  of this fact is discussed by  Kurnick 
(14, p.  227). 
The  DNA  content  of the  nuclei,  their  sex chro- 
matin,  and  heterochromatic  bodies  was  determined 
indirectly by measuring the absorption of the Feulgen 
stain  with  an  instrument  whose  design  was  based 
partly  on  the  Lison  (15)  apparatus.  The  photo- 
electric cell and amplifier unit as well as the stabilised 
light  source  are  manufactured  by  Electrophysique 
S.A.,  Bruxelles,  Belgium,  according  to  plans  based 
partly on Lison's specifications. The M  11 microscope 
made  by  Wild  (Heerbrugg,  Switzerland)  bearing  a 
beam-splitter  designed  for  photomicrography  was 
used. The latter device splits the light beam from the 
objective so that about 90 per cent passes to a  projec- 
tion ocular, the emerging light from this ocular forms 
an  image on  a  horizontally  mounted screen.  In  the 
center  of  the  screen  is  a  circular  opening  through 
which  the  image  passes onto  the  photoelectric  cell. 
The remaining 10 per cent of the light is deflected into 
a  binocular  viewing tube.  One of the oculars in this 
tube  bears  a  template  with  an  engraved  circular 
marking which corresponds to the area of the image 
which  passes through  the  screen  aperture  and  into 
the photocell.  In this way the area of the preparation 
whose  density  is  being  determined  is  clearly  indi- 
cated  in the visual field.  The microscope is equipped 
with  Wild  optics  consisting  of  an  achromatic- 
aplanatic condenser with an N.A. of 1.30, two fluotar 
oil  immersion objectives;  a  X  100  with  an  N.A.  of 
1.30  and  a  X  50  with  an  N.A.  of  1.00.  The  X  10 
ocular  used  for  projecting  the  image  is  a  coated 
compensating photoocular. 
The  light  coming  from  a  stabilized  6  v./30  w. 
incandescent  filament  lamp  passes  through  a  light 
tunnel  to  the  microscope.  Before  entering  the  con- 
denser  the  light  is  filtered,  and  the  final  image  is 
again  filtered  before  it  passes  into  the  photocell. 
These two  filters are  so selected that their color  ab- 
sorption  characteristics  are  slightly  below  the  ab- 
sorption  peak  of  the  Feulgen  dye-DNA  complex 
under  the color  temperature  and  optical  absorption 
conditions  of our  system. Since  these conditions  are 
only  characteristic  for  our  instrument they  will  not 
be listed in detail.  Measurements were  thus made at 
only one transmission band. 
Two  procedures  were  used  for  making  DNA 
determinations : 
System A:  With the  X  100 objective the magnifica- 
tion  of  X  3,200  was  obtained  at  the  photocell.  At 
this magnification an area of the image corresponding 
to  2.75  #2  of the  nucleus  being  measured  was  ad- 
mitted  into  the  photocell.  The  optical  densities  of 
5 to 8 such nuclear areas or "plugs" were determined 
per  nucleus,  the  number  depending  on  the  size  of 
the  nucleus  (see  preliminary  experiments).  These 
areas  were  selected  so  that  40  per  cent  came  from 
the  peripheral  but  not  completely  marginal  sectors, 
and  60  per  cent  from  the  central  portions  of  the 
nucleus.  This  distribution  was  kept  constant  ir- 
respective of the number of areas  selected.  The  "0" 
point  (total  or  absolute  transmission) of the  instru- 
ment  scale  was  determined  by  taking  two  readings 
on  either  side  of  the  nucleus  (blank  areas)  after 
focusing  up  and  down  with  the  micrometer  screw 
to  determine  whether  any  light-absorbing  material 
was  within  the  optical  axis  above  or  below  these 
blank areas or the nucleus and its immediate vicinity. 
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aid  of  a  camera  lucida  attachment  which  made  it 
possible  to  trace  the  outline  of  the  nucleus  at  a 
magnification of X  2,200.  The areas of these tracings 
were  determined  by  means  of  a  planimeter.  The 
average  of  the  optical  density  measurements  was 
multiplied  by  the  nuclear  area  and  the  product 
referred  to  as  the  "arbitrary  DNA  index"  of  the 
nucleus. 
Accurate  tracing  and  planimetry of the  sex chro- 
matin  and  heterochromatic  bodies  was  impossible 
because of their small size.  Thus their DNA content 
had to be determined in a manner different from that 
used  for  the  entire  nucleus.  The  image  of  the  sex 
chromatin or heterochromatie body being measured 
was  adjusted  to  fall  within  the  photocell  aperture. 
The  size  of this  aperture  had  been  so  selected  that 
the  image  of  the  largest  heterochromatic  body 
encountered  would just  fit  within  its  area.  In  this 
way some of the nucleus surrounding smaller hetero- 
chromatic  bodies was included  within the  aperture. 
To reduce the error thus introduced  and in order to 
eliminate the density added by the nuclear chromatin 
in the  optical  axis above and  below the  heterochro- 
matic  bodies,  two  nuclear  areas  immediately  ad- 
jacent  to  these  bodies  were  measured.  The  average 
of these two determinations was subtracted from the 
density  reading  obtained  in  the  area  including  the 
heterochromatic  bodies.  This  difference  in  density 
was  assumed to  be  due  to  the  DNA content  of the 
heterochromatic  bodies  and  will  be  referred  to  as 
the  "arbitrary DNA value"  of the sex ehromatin or 
heterochromatic body,  as the  case may be. 
System B:  Here the  X  50  immersion objective  was 
substituted for the  X  100 objective used in system A. 
Thereby,  a  total  magnification of  X  1,600  was ob- 
tained  at  the  photocell  and  the  aperture  now  in- 
eluded  11.0  /~2  of the  nucleus  being  measured.  The 
nuclear  area  was  determined  by  matching  the 
nuclear  silhouette  which was magnified  1,600  times 
to  the  nearest  one  of  a  series  of  concentric  circles 
from a  template which could  be seen  in the viewing 
ocular  by  means of the  same camera  lucida  system 
used in A.  The area of the field  enclosed by each of 
the  circles  at  this  magnification  was predetermined 
and the optical density reading was multiplied by this 
predetermined factor in order to obtain the arbitrary 
DNA  index  for  the  nucleus.  This  simplified  system 
allowed 25  to 40  nuclei  to be measured per hour as 
compared  to  system  A  where  5  to  8  nuclei  were 
measured  in  the  same  period  of  time,  although  a 
certain  amount of accuracy  was sacrificed.  The  sex 
chromatin  and  heterochromatic  bodies  could  not 
be measured with system B. 
According to system A  some 850  nuclei  and  their 
heterochromatic bodies were measured (5 female and 
6  male amnia,  1 female and  1 male liver)  as well as 
210  spermatozoa from  7  fertile  men.  From each  of 
the  amnion and  liver  preparations 30  to  140  nuclei 
were selected in such a  way (see  observations) that a 
statistically  significant  number  of  nuclei  were  in- 
eluded  in  each  polyploid  class.  Aside  fi'om  this 
selection the  nuclei  were taken  at  random provided 
that  they  were not  in  one  of the  stages of division, 
pyknotic, in possession of excessive nuclear membrane 
folds,  or  overlying  a  connective  tissue  nucleus  or 
other  light-absorbing material.  Care  was taken  not 
to  include  excessive  portions  of  the  nucleoli  or 
nucleolus-associated chromatin  in  the  nuclear  areas 
whose optical  density  was  being  determined.  Some 
error  was  doubtlessly  introduced  in  this  way  since 
the total area determination was based on the entire 
nucleus  including  the  nucleoli.  Tests  showed,  how- 
ever,  that  in  this  way  the  error  was  smaller  than 
when  random  areas  were  selected  which  then  in- 
eluded the Feulgen negative nucleolus or its strongly 
positive shell.  Since  the  method of selecting  nuclear 
areas  was  kept  constant  the  error  introduced  was 
also  a  constant one  and  should  not  affect  the  com- 
parative  value  of  the  arbitrary  DNA  units  to  any 
great extent. 
The  simpler system B  was used  to  determine  the 
absolute  frequency  of  each  of  the  nuclear  classes. 
No selection was made but all  nuclei within a  given 
field  were  measured  excepting  those  which  were 
unsuitable for one of the reasons already listed under 
system A. Twelve amnion preparations (5 female and 
7  male,  6  were from the  same preparations used for 
system A) from which 900 nuclei (50 to 150 from each 
preparation)  were measured  according  to system B. 
All  the  data  from  both  systems  were  analysed 
statistically  and  graphed  on  curves  in  which  the 
nuclear  DNA  index,  the  DNA  values  of  the  sex 
chromatin  and  heterochromatic  bodies  as  well  as 
the  nuclear  area  were  plotted  logarithmically  (see 
Figs.  1 to 6). 
Preliminary  Experiments 
The theory as well as error factors of histophotometry 
have  been  discussed  extensively  by  Davies  and 
Walker  (16),  Glick  (17),  Swift  (18),  and  Vendrely 
and  Vendrely  (19).  Taking  into  consideration  the 
major  error  factors  which  different  authors  have 
pointed  out,  we  designed  our  instrument in  such  a 
way  that  it  could  be  easily  operated  and  is  inex- 
pensive  in  its  construction.  Our  instrument  is  less 
accurate  and  its  scope  more  limited  than  the  more 
elaborate instruments designed in other laboratories. 
Therefore, the following factors which are of particu- 
lar relevance to this study were treated in some detail. 
Optical Homogeneity of  Nuclei."  Some  workers  have 
claimed  that unless the  chromatin is homogeneously 
distributed  within  the  nucleus  gross  errors  are  in- 
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Kurniek  (14,  p.  222-230)  reviews  this  problem 
thoroughly.  In  order  to  test  the  importance  of this 
factor  on  our  material  we  treated  adjacent  pieces 
from the same amnion of a  female embryo within  10 
minutes  after  its  operative  removal  by  fixing  one 
piece  directly  in  95  per cent  alcohol and  immersing 
the  other  piece  in  a  30  per  cent  aqueous  sucrose 
solution held at 4°C. for 30 minutes after which it was 
fixed  in  5  per  cent  formalin  (pH  7.0)  at  the  same 
temperature (20).  The pieces of amnion thus treated 
were  processed  together  on  the  same  slide  during 
the Feulgen staining. 
In the  alcohol-fixed material  the  heterochromatin 
was distributed  evenly  in  the  form of fine  granules 
which  did  not  exceed  0.2  /z  in  diameter  except  for 
the  sex  chromatin  and  the  nucleolus-associated 
chromatin. Polyploid nuclei had a  somewhat coarser 
chromatin granulation. Aside from the nucleoli there 
were  no  Feulgen  negative  areas  in  the  nuclei. 
In the sucrose-formalin-treated nuclei the Feulgen 
positive  material  was homogeneous. No  detail  aside 
from the nucleoli and sometimes a  faint image of the 
sex  chromatin  could  be  recognized  in  these  nuclei. 
Photometric  analysis  revealed  that  the  arbitrary 
DNA  indices  of  the  sucrose-formalin-treated nuclei 
were somewhat lower than those of the alcohol-fixed 
material.  However, the relation of the 2n,  4n,  and 8n 
nuclei  (see observations) was the same in both cases. 
These  findings  agree  with  those  of Naora  (21)  who 
found  that  the  ratio  between  2n,  4n,  and  8n  nuclei 
was not  affected  by  varying  color  intensities  of the 
Feulgen  reaction.  It  was therefore  assumed that  by 
using heterogeneous instead of homogeneous nuclei a 
quantitative,  but  no  significantly  large  qualitative 
error was introduced.  The small difference  between 
the alcohol and formalin-fixed material in this study 
may be due to the fact that the fixative can penetrate 
rapidly through the thin amniotic membrane. Rapid 
fixation  is  known  to  reduce  chromatin  clumping 
(14,  22).  Our  alcohol-fixed  nuclei  could  perhaps 
be  more  accurately  described  as  semihomogeneous 
instead  of  heterogeneous,  since  the  chromatin  in 
them  is  distributed  in  very  fine  granules.  We  were 
dependent  on  such  heterogeneous  or  semihomoge- 
neous material since in the completely homogeneous 
material the sex chromatin and other heteroehromatic 
bodies are difficult to identify. 
Reproducibility  of  the  Measurements:  In  order  to 
evaluate  the  reproducibility  of  our  photometric 
determinations  the  following  tests  were  performed: 
1.  The  same  nucleus  was  repeatedly  measured 
according  to  system A.  Each  time  different  nuclear 
areas  were  selected.  In  another  series  the  optical 
density  of  3  to  10  areas  were  determined  from the 
same nucleus.  As would be expected,  the  deviations 
between  the  arbitrary  DNA  index  of  successive 
determinations  decreased  as  more  areas  were meas- 
ured  per  nucleus.  However, when  5  determinations 
per  nucleus  were  made  the  deviations  were  only 
slight.  For this reason this number was used for the 
entire  study.  Exceptions  were  made  in  the  case  of 
the large  polyploid nuclei where up to 8  areas were 
measured per nucleus. 
2.  The  same  nucleus  was  measured  10  times  by 
each  of  two  observers.  The  standard  deviation  (s) 
was  7.78  per  cent  of the  mean  for  observer  I  and 
6.27  per cent of the mean for observer II. When the 
same  10  nuclei  were  measured  by  each  of two  ob- 
servers and the results of observer I  taken in per cent 
of those of observer II, then s  =  6.92  per cent of the 
mean. 
Thus  no  large  subjective  error  was  being  intro- 
duced  by any one observer. Similar tests were made 
with measurements performed on the sex chromatin. 
In  general  the  findings  were  the  same  except  that 
here  the  standard  deviation  for each  observer  (s  = 
18.4  per  cent  and  s  =  25.7  per  cent  of the  mean) 
as well as for the comparison between observer I  and 
II  (s  =  18.1 per  cent  of  the  mean)  was  larger. 
This larger standard deviation for the measurements 
of  the  heterochromatic  bodies  is  due  to  the  fact 
that  these  small  bodies  have  a  low  DNA  content 
when  compared  to  the  nucleus  as  a  whole.  Slight 
reading  errors thus cause  a  greater  percentile  error 
when  heterochromatic  bodies  are  measured  than 
when the entire nucleus is measured. 
Constancy  of  Nuclear DNA  in  the  Amnion Epithelium 
Throughout  the  Course of Embryonic Development:  The 
constancy  of  nuclear  DNA  has  been  a  source  of 
extensive debate.  At the present time it seems safe to 
assume that  most of the  intermitotic  diploid  nuclei 
within one normal animal will have the same DNA 
content.  See  the  reviews by  Swift  (18),  Davies  and 
Walker  (16),  Vendrely  and Vendrely  (19),  Kurnick 
(14),  and  especially  Chayen  (23).  Variations  occur 
when rapidly  growing tissues are studied  and  under 
certain experimental conditions  (23). 
A comparison of the average DNA index of diploid, 
tetraploid,  and  octoploid  nuclei  from all  the  amnia 
we  measured  according  to  system A  revealed  that 
within  certain  deviations,  the  DNA  content  of the 
epithelial nuclei remains constant within each nuclear 
class during embryonic development from 3.4 to 335 
mm.  crown-rump length  (Fig.  1).  When  deviations 
from the total average of all amnia occur they are not 
confined  to  a  single nuclear class in  an  amnion but 
all  the classes of that  amnion deviate  from the  total 
average  in  the  same  direction  and  in  proportional 
magnitudes.  Since  the  main  interest  of this study is 
to  compare  the  DNA  values  obtained  within  one 
preparation the  deviations  between different  prepa- 
rations do not in any way affect the conclusions to be 
drawn. These deviations thus seem to be inherent in 
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in  processing  which  could  not  be  controlled.  De- 
velopmental effects such as described  by Naora  (21) 
for rat liver nuclei could not be found in the amnion. 
Changes  in  the  percentile  distribution  of  polyploid 
nuclei  did  occur  in  the  course  of  embryonic  de- 
velopment. This problem will be dealt with in greater 
detail elsewhere. 
DNA Content of Sperm :  The 210 sperm from 7 fertile 
men  revealed  a  remarkable  DNA  constancy.  This 
constancy was  found  not  only  among  the  sperm  of 
one  individual  but  also  when  comparing  the  values 
obtained from different individuals. For example the 
standard deviation  (s) for 20 sperm measured in one 
preparation  is 7.61  per cent of the mean, for all  210 
sperm from  7  cases s  =  6.37  per  cent of the  mean. 
It  was  surprising  that  the  standard  deviation  is  no 
greater  for  the  sperm  than  for  somatic  nuclei since 
in the small sperm the determination of the area was 
less  accurate  and  only  one  optical  density  reading 
could  be  made.  These findings are  in  close keeping 
with those reported by Leuchtenberger et al.  (25-27). 
The  average  arbitrary  DNA  index  of all  the  sperm 
measured is given in  Fig.  1.  It can be seen that this 
value  very  nearly  approximates  one-half  the  value 
of the first nuclear class of the amnion epithelium and 
liver  parenchymal  nuclei  (Fig.  4).  Thus  the  first 
nuclear class must be  diploid  and the  higher classes 
tetraploid,  octoploid,  and  hexadekaploid  respec- 
tively.  These findings suggest that  there might be  a 
higher  DNA  constancy  in  sperm  than  in  somatic 
nuclei. 
We agree with Swift (18, p. 4) and Leuchtenberger 
(24,  28)  that despite the many theoretical  sources of 
error  which  different  workers  have  proposed  (there 
being  gross  disagreements  between  them  on  the 
significance of these errors),  the reliability  of results 
can  be  demonstrated  on  the  basis  of the  empirical 
findings. As we have shown, extreme accuracy of the 
instrument is of little  importance  when much larger 
errors  are  introduced  in  the course of preparing  the 
tissues  for  photometric  study.  In  the  present  work 
one of these large sources of error was eliminated by 
using whole  mounts of the  amnion and  whole  liver 
cell  smears.  In  this  way  embedding  and  sectioning 
were eliminated.  Embedding causes nuclei to shrink, 
the  chromatin  to  clump  together  while  the  heating 
of  the  tissues  may  depolymerize  the  DNA  (20). 
In  addition,  one  is  certain  of measuring the  entire 
nucleus when  non-sectioned  material  is used. 
OBSERVATIONS 
Nuclear  Classes 
Photometric  analysis  showed  that  the  amnion 
epithelial  nuclei  could  be  divided  into  distinct 
classes  according  to  their  DNA  indices  (Figs.  2 
to  5).  The  average  index  of these  nuclear  classes 
are, within the range of experimental error,  multi- 
ples  of each  other.  That  is,  if we  take  the  DNA 
index of the lowest group as 2  then we find groups 
which are in a  ratio of 2:4:8  and rarely  16.  If we 
compare  the  average  index  of  the  first  group  to 
the  average  index  obtained  from  the  sperm  we 
find  that  this  value  is  twice  that  of  the  latter 
(Fig.  1).  It  is therefore  reasonable  to  assume that 
the  first  nuclear  class  of  the  amnion  epithelium 
represents the diploids  (2n),  while  the next classes 
represent the tetraploids  (4n),  octoploids  (8n), and 
hexadekaploids  (16n).  When  the  nuclei  were 
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FIGURE  1 
Relationship  between  fetal  size  and  arbitrary  DNA  index  (Feulgen)  of the  nuclei  of the  amnion 
epithelium  of both  sexes.  The  average  haploid  sperm  index  is  also  givcn.  Each  point  represents 
the avcrage index from each nuclear class of one amnion. The histograms from which most of these 
averages stem are shown in Figs.  2,  3,  and 5. 
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index of all the  nuclei in a  given area was deter- 
mined,  the true distribution of the nuclei in each 
class was found.  A  sample  histogram from one of 
the  preparations  demonstrating this actual  distri- 
bution  of nuclei  according  to  their  DNA  classes 
is  presented  in  Fig.  2a.  In  this  case  we  found 
8.9 per cent tetraploid and 0.7 per cent octoploid 
nuclei.  Other  preparations  showed  a  similar  or 
slightly different distribution of polyploid  nuclei. 
There  seemed  to  be  some  correlation  between 
fetal  age  and  number  of polyploid  nuclei  in  the 
amnion epithelium. Further details on this finding 
will  be  published  in  a  forthcoming paper.  It can 
be  seen  from  these  data  and  the  histogram  that 
very  many  nuclei  would  have  to  be  measured 
before  a  statistically  significant  number  of  poly- 
ploid  nuclei could  be obtained for each prepara- 
tion. For this reason system A  was used where the 
preparation  was  scanned  and  nuclei by virtue  of 
their  large  size  and/or  intenser  color  were  con- 
sidered  as  suspect  polyploid  and  hence measured 
along  with  the  much  more  frequent  diploid 
nuclei.  It will  be remembered  that system A  was 
more  accurate  than  system  B  and  that  the  sex 
chromatin  value  could  only  be  determined  with 
the  former.  System  A  was  thus  used  throughout 
this work and hence all the histograms, excepting 
Fig.  2a do not show the actual distribution of the 
nuclei in their respective classes. 
Liver  parenchymal  nuclei  showed  greater  de- 
viations from the average DNA value in each class 
than  those  of  the  amnion  epithelium  (compare 
Figs.  4  and 5).  This might be due to the fact that 
the  livers of  these  young  embryos  were  growing 
rapidly  with  a  high  mitotic  rate.  Nuclei  with 
intermediate  DNA  values  between  diploid  and 
tetraploid are known to occur in tissues which are 
growing  actively  (29,  30).  To  a  lesser  extent 
nuclei  with  intermediate  DNA  indices  were  also 
found  in some  of the  amnion  preparations  (Figs. 
2b,  5a,  and 5d).  These  nuclei whose DNA indices 
would  place  them  approximately  in  3n  and  6n 
classes  could  be  either  aneuploid  or  euploid,  or 
considered  to  be  in  a  phase  of  DNA  synthesis 
prior  to  mitosis  or  endomitosis.  These  problems 
will  be  treated in greater detail elsewhere. 
Polyploid Fields 
In  the  course  of  the  work  it  was  noticed  that 
polyploid  nuclei  were  sometimes  collected  in 
groups varying in size from five  to  a  hundred  or 
more nuclei in one area.  Sometimes diploid nuclei 
were  intermixed  with  the  polyploids  whereas  at 
other  times  they were  almost  completely  absent. 
With  one  exception  the  measurements  made  in 
these areas showed that these nuclei are in no way 
different  than  other  polyploid  nuclei  which  are 
distributed  evenly  among  the  diploids.  The  ex- 
ceptional case was  a  very large  field of abnormal 
nuclei  in  the  amnion  epithelium  of  a  67  mm. 
female embryo.  Detailed  presentation of the find- 
ings  in  this  abnormal  area  has  been  published 
elsewhere  (31). 
The Relationship  between  Optical Density  and 
Nuclear Area 
When,  as  in  Fig.  2d,  the  average  optical  density 
of  the  nucleus  was  plotted  against  the  nuclear 
area,  then it was found  that within each nuclear 
class  the  optical  density  per  unit  area  was  in- 
versely  proportional  to  the  nuclear  area.  As was 
shown,  the  nuclei  of  the  amnion  epithelium  are 
all  about  the  same  thickness  when  the  diameter 
which  is at right angles  to  the  amnion surface  is 
considered. Because of this fact the determination 
of the  nuclear area  gives a  fairly good  indication 
of the nuclear volume.  It thus becomes clear that 
large nuclei are less dense per unit area than small 
nuclei of the same  class.  If the area  is multiplied 
by  the  nuclear  optical  density,  thereby giving us 
our arbitrary DNA index,  a  fairly constant value 
is obtained within each nuclear class.  If only the 
nuclear  areas  are  plotted  on  a  graph  (Fig.  2e), 
then no clearly divided  groups appear.  Peaks are 
found at certain irregular intervals which have no 
special relation to one another as do the peaks of 
the  DNA  classes.  If  the  identical  nuclear  areas 
are  plotted  so that all the nuclei which belong to 
a  DNA  class  are  placed  on  a  separate  graph 
(Fig.  2f),  then  the  average  area  of each  nuclear 
class  becomes  progressively  greater.  It  may  thus 
be  concluded  that  in  the  arnnion epithelium  the 
higher the ploidy of a  nucleus the greater are the 
chances  that  its  size  will  also  be  greater.  How- 
ever,  for  an  individual  nucleus  the  area  cannot 
be  taken  as  an  indication  of  its  DNA  content. 
Also see  Swift  (18,  32)  on  this problem. 
Sex  Chromatin  and Heterochromalic  Bodies 
in Female Nuclei 
Of all  the female diploid  nuclei measured  in  the 
amnion  epithelium  88.2  per  cent  (range  81.0  to 
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body  (Fig.  7),  the  "sex  chromatin",  which  we 
described in detail in the introduction. Tetraploid 
female  nuclei  have  a  heterochromatic  body  in 
96.0  per cent (range 94.0  to 98.0  per  cent)  of the 
cases.  These  nuclei  have  either  two  heterochro- 
marie  bodies  each  one  of which  has  an  average 
DNA  value  approximately equal  to  that  of a  sex 
chromatin of a  diploid female nucleus (Figs. 8  and 
10) or one heterochromatic body whose DNA value 
is  approximately  double  that  of a  sex  chromatin 
(Figs.  6  and  9).  Octoploid  nuclei  have  hetero- 
chromatic  bodies in  100  per cent of the cases.  In 
these  nuclei  there  may  be  four  bodies  each  one 
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FIGURE 
All the graphs in this figure are from amnion epithelial nuclei of a  56 ram. (crown-rump length) female 
embryo. 
(a)  Arbitrary  DNA  indices  (Feulgen)  of the  nuclei  measured  according  to  system B  (see text) 
and  thus showing the percentual  distribution  of nuclei  in  each  nuclear  class.  (b)  Nuclei  from the 
same  preparation  as  a,  but  measured  according  to  system  A  where  additional  polyploid  nuclei 
were selected (see text). Since the DNA units from systems A  and B differ the first nuclear class (2n) 
in a was made equal to that in b and the subsequent classes adjusted to scale. (c) The arbitrary DNA 
value of the sex chromatin and heterochromatic bodies from the same nuclei shown in b,  according 
to the arbitrary DNA index of their nucleus.  In cases where more than one heterochromatic body 
is present per nucleus the point represents the sum of all  bodies per nucleus.  The numbers above 
the arrows represent the averages of all the points within each of the three major nuclear DNA index 
classes. (d) The average optical density of each of the nuclei from b is plotted against the area of the 
same nucleus.  The broken lines indicate the average DNA index of the nuclei in each class. These 
values are thus the same as the ones given in b.  (e) The nuclei from b plotted according to their areas. 
(/) The same nuclei from e have been assembled according to their DNA class (2n, 4n, 8n)  and the 
nuclei of each class are plotted according to their area. 
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double-value  (Fig.  11),  or  one  double-value  and 
two  single-value heterchromatic  bodies.  The  rare 
hexadekaploid  nuclei  may  have  single  or  double 
value heterochromatic bodies in all possible com- 
binations,  the  total  value  of all  these  bodies  ap- 
proximating eight times the value of a  sex chroma- 
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FIGURE  5 
Arbitrary  DNA  index  (Feulgen)  of  the 
nuclei  and  arbitrary  DNA  value  of  their 
heterochromatic bodies  (*)  from the amnion 
epithelium of a  28 mm.  (CR1)  male embryo. 
(See also legend to Fig. 2c.) 
tin.  In 8n  and  16n nuclei  heterochromatic  bodies 
with more than double the value of a  sex chroma- 
tin  of  a  2n  nucleus  were  rarely  found  (Fig.  12). 
In  Figs.  2c,  3,  4,  and  5  each  point on  the  graph 
represents  the  DNA  value  of  the  sex  chromatin 
in diploid  nuclei,  or in  polyploid  nuclei  the  total 
value  of  the  heterochromatic  body  or  bodies  as 
the case  may be from the corresponding  nucleus. 
In Fig.  6  however,  the sex chromatin and hetero- 
chromatic  bodies  of each  nucleus  are  not  added 
together  but  are  entered  individually.  It  can  be 
seen  that  the  average  DNA  value  of  the  hereto- 
chromatic bodies in each nuclear class is a multiple 
of the previous class.  The ratio between the DNA 
value of the heterochromatic bodies and the DNA 
index of the nucleus is in round figures, for female 
nuclei, about 6 : 40 for 2n,  12 : 80 for 4n, and 24 : 160 
for 8n,  or in a  constant proportion of about 3:20 
for all nuclear classes.  It must be pointed out that 
this ratio does  not mean that 3/20 of the nuclear 
DNA content consists of sex chromatin or hetero- 
chromatic  bodies.  As  will  be  remembered,  the 
DNA  value  of  the  heterochromatic  bodies  was 
determined  differently  than  the  DNA  index  of 
the  nucleus.  Thus,  these  units have only a  quali- 
tative  and  no  quantitative  comparative  value• 
The  average  DNA  index  of  2n  and  4n  female 
nuclei  which  had  no  heterochromatic  bodies  did 
not vary significantly from the  averages of nuclei 
with  sex  chromatin  or  heterochromatic  bodies. 
As  can  be  seen  from  Table  I  the  greatest  per- 
centile  difference  (9.7  per  cent)  between  nuclei 
with  and  without  heterochromatic  bodies  lies 
within  the  range  of  our  experimental  error  as 
given in the preliminary experiments. 
Female  parenchymal  liver  nuclei  provided  es- 
sentially the  same  results  as  those  of the  amnion 
epithelium  (Figs.  4,  13  to  15). 
Heterochrornatic  Bodies  in  Male  Nuclei 
Most  of  the  amnion  epithelial  nuclei  in  males 
have no distinct heterochromatic masses equal  to 
the sex chromatin  (Figs.  16 and  18)•  However,  a 
small  distinct  heterochromatic  body  which  is 
about 0.5/~ in diameter and which is not associated 
with  the  nucleolus  ("nucleolus-associated  chro- 
matin" of Caspersson, 33) but which generally lies 
at the margin of the nucleus can be recognised in 
6.0  per cent  (range 4.0  to  10.0  per cent)  of male 
nuclei•  This  heterochromatic  mass  has  a  DNA 
value  approximately  one-half  that  of  the  sex 
chromatin of diploid female nuclei (Figs. 3, 5, and 
6).  In 59.4 per cent  (range 47.0 to 69.0 per cent) 
of tetraploid male nuclei a  measurable heterochro- 
matic body can be found. About one-half of these 
bodies have a  DNA value equal to that of the sex 
chromatin  (Fig.  17).  The  other  tetraploid  male 
nuclei  with  heterochromatic  bodies  have  one  or 
two half-value bodies  (Figs.  6  and  19).  Of the  12 
male  octoploid  nuclei  measured  5 °  per cent  had 
heterochromatic bodies.  Here  again various com- 
binations  are  possible;  four  half-,  two  single-,  or 
one  double-value  heterochromatic bodies,  In  the 
two hexadekaploid male nuclei which were found, 
one had no distinct heterochromatic body (Fig. 20) 
and  the other had  heterochromatic bodies whose 
total  DNA  value  added  up  to  about  two  times 
that of a  sex chromatin of a female diploid nucleus 
(Fig.  5e). 
The  average  DNA  index  of  male  nuclei  with 
and without  measurable  heterochromatic  masses 
showed  no  significant difference  (see  Table  I). 
Measurements  of  the  heterochromatic  bodies 
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FIGURE 4 
Arbitrary  DNA  index  (Feulgen)  of the  nuclei  and  arbitrary  DNA  value  of their  sex  chromatin 
(diploid  female  nuclei)  or  heterochromatic  bodies  (all  other  nuclei)  (*)  from  liver  parenehymal 
nuclei of a  120 mm. (CR1) female embryo (a)  and a  102 mm. (CRI)  male embryo (b).  (See also legend 
to Fig.  2c.) 
* In its entirety this should read:  "Arbitrary  DNA value  (Feulgen)  of the sex chromatin in diploid 
female nuclei or of the heterochromatic body or bodies in all other nuclei." 
in male liver parenchymal nuclei provided essen- 
tially the same  results as those obtained from the 
nuclei  of  the  amnion  epithelium  (Figs  4b,  21 
to 23). 
Heterochromatic  Bodies  in  Aneuploid  or 
Euploid  Nuclei 
The  nuclei  whose  DNA  indices  place  them  be- 
tween  the  2n and  4n  as  well as  4n and  8n classes 
may  be  aneuploid  or,  since  they  are  close  to  3n 
and  6n,  euploid.  These  nuclei  have  heterochro- 
made  bodies whose  DNA  values  are  generally in 
the  same  proportion  to  their nuclear  DNA  index 
as  in  diploid  and  polyploid  nuclei  of  both  sexes 
(Figs.  2b  and  c,  5a,  b,  and  d). 
STATISTICAL  ANALYSIS  OF  THE 
DATA 
Nuclear  Classes:  Statistical  analysis showed  that  the 
2n, 4n, and 8n nuclear classes are significantly isolated 
groups  (Pt  <  0.01  in all cases). It should be pointed 
out  that  the  calculation  of  P t-values  only  shows 
whether  two  groups  of  observations  are  distinctly 
separated  from each  other.  Since  the  average  DNA 
indices of the nuclear classes showed  that  they were 
very close to being multiples of each other, no further 
statistical  tests  to  prove  this  were  carried  out.  The 
nuclei whose DNA index would place them approxi- 
mately  in  the  3n  class  can  be  separated  from  the 
neighboring groups as well  (P~  <  0.01).  In only one 
preparation  were  sufficient  6n  type  nuclei  present 
to  secure  them  statistically  as  a  distinct  group 
(Pt  <  0.05,  >  0.01). 
FIGURE 5 
Sample  histograms showing  the  DNA  index  (Feulgen)  of  the  nuclei  and  arbitrary 
DNA value of their  sex chromatin  (diploid  female nuclei)  or  heterochromatic  bodies 
(all other nuclei)  (*)  from the amnion epithelium of:  (a)  22 mm.  (CR1),  (b)  100 ram. 
(CR1),  and  (c)  newborn female,  as well  as  (d)  3.4 mm.  (CRI),  (e)  64 mm.  (CR1),  and 
(f) newborn male embryos.  (See also legend to Fig.  2c.) 
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Comparison  of DNA  Content  of Nuclei  with and  without 
Sex  Chromatin  or Heterochromatic  Bodies 
Only  five representative  examples  from  each  sex  are  shown.  The  dash  indi- 
cates that  an insufficient number  of nuclei were present  in  either  the  "with" 
or  "without"  category  to  allow  a  comparison  to  be  made.  This  also  applies 
for  octoploid  nuclei  in  all  preparations;  they  are  therefore  not  included  in 
the  table.  N,  number  of nuclei  averaged. 
Size of embryo 
Average DNA index  in arbitrary units  (Feulgen)  of nuclei 
according to classes 
in ram. CRI* 
and tissue  used  With heterochromatic bodies  Without heterochromatic 
bodies 
Difference:~ 
2n  4n  2n  4~  2n  4n 
Females 
56  mm.  47.10 
Amnion  N  =  15 
67  mm.  40.80 
Amnion  N  =  30 
100  mm.  40.62 
Amnion  N  =  61 
Newborn  40.29 
Amnion  N  =  10 
120  mm.  42.92 
Liver  N  =  10 
Males 
3.4  mm.  44.23 
Amnion  N  =  6 
28  mm.  55.87 
Amnion  N  =  9 
200  mm.  41.88 
Amnion  N  =  4 
Newborn  48.33 
Amnion  N  =  3 
102  mm.  56.14 
Liver  N  =  5 
44.30 
N  =  4 
41.86 
N  =  5 
41.50 
N  =  5 
40.48 
N=5 
38.95 
N=8 
per cent  per cent 
--5.9 
-t-2.6 
-t-2.4 
+0.5 
--9.2 
82.83  45.56  81.43  -[-3.0  --1.7 
N  =  10  N  =  18  N  =  12 
107.96  54.96  118.39  --1.6  +9.7 
N  =  17  N  =  16  N  =  13 
84.15  40.30  83.30  --3.8  --1.0 
N  =  4  N  =  7  N  =  3 
100.52  50.42  94,83  +2.2  --5.7 
N  =  5  N  =  10  N  =  11 
101.00  56.95  107.40  +1.4  -t-4.4 
N  =  8  N  =  16  N  =  9 
*  CR1,  Crown-rump  length. 
:~ Nuclei  with  heterochromatic  bodies  =  100  per cent. 
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Nuclei:  The sex chromatin and the heteroehromatic 
bodies  of 2n,  4n,  and  8n female  nuclei  form  signifi- 
cant  groups  (Pt  <  0.01  in  all cases).  Although the 
3n and in one case 6n type nuclei can be defined  as 
independent  groups  the  values  of  the  heterochro- 
matic bodies from these nuclei do not form statistically 
separate groups. 
Heterocbromatic Bodies  in  Male  Nuclei."  As was  shown 
heteroehromatic bodies with approximately one-half 
the value of the sex chromatin were  found  in  some 
male  diploid  nuclei.  These  small  bodies  lie  within 
the lower size limit that can be measured accurately 
with  our  instrument.  For  this  reason  the  standard 
deviation was  relatively  high  (up  to  65  per  cent  of 
the  mean).  Therefore,  in  only  one  preparation 
(Fig.  4b)  were  the  heterochromatic  bodies  of  2n 
and  4n  nuclei  statistically  separable  (Pt  <  0.02, 
>  0.0l).  The  8n  nuclei  all  had  statistically distinct 
groups  of  heterochromatic  bodies  (Pt  <  0.01) 
whose  average  value  was  approximately  one-half 
that of the corresponding female group.  It may thus 
be concluded that our method does not  allow exact 
determinations to  be made of the small heterochro- 
matic bodies of diploid male nuclei. It is also possible 
that these small bodies are very variable in their DNA 
content.  The  larger  bodies  in 4n  and  8n nuclei can 
be regarded  as statistically independent groups. 
DISCUSSION 
It is apparent that l~olyploidy occurs in the human 
amnion at all the developmental stages that were 
studied.  This  problem  will  be  discussed  in detail 
elsewhere.  Our  results  indicate  clearly  that  in 
female  nuclei of the amnion epithelium and  liver 
parenchymal  cells  the  DNA  value  of heterochro- 
matic  bodies  doubles  with  each  doubling  of  the 
nuclear DNA content. It thus seems safe to assume 
that each  of the  heterochromatic  bodies  of poly- 
ploid  female  nuclei  are  in  fact  multiple  or  com- 
bined sex chromatin bodies.  If the sex chromatin 
is a  derivative of the  two  X  chromosomes in  the 
female  nucleus then one would  expect to find sex 
chromatin-like  bodies  in  polyploid  male  nuclei 
which have  two  or  more  X  chromosomes.  As we 
have shown this does seem to  occur at times,  but 
more  frequently  it  does  not.  Male  polyploid 
nuclei without distinct heterochromatic bodies are 
difficult  to  explain  on  the  basis  that  two  X's 
produce  one sex chromatin.  As we  proposed  pre- 
viously (1) one possible way to bring these findings 
into concord would be to assume that if for exam- 
ple  the  two  heteroehromatic  portions  of  the  X 
chromosomes  of  a  male  tetraploid  nucleus  come 
into contact with each other they remain together. 
These  combined  heterochromatic  portions  would 
then contain sufficient DNA  to  give  sex chroma- 
tin-like values.  This fusion of the heterochromatic 
rests perhaps depends on whether the X  chromo- 
somes  remain  together  or  are  joined  together 
during or after their duplication (somatic  associa- 
tion?).  Ohno  et  al.  (34,  35)  showed  that in some 
tissues  in  female  mice  (lactating  mammary  epi- 
thelium, Graafian follicle cells) the two X  chromo- 
somes  are  in  somatic  association  and  positively 
heteropyknotic whereas in other tissues of the same 
animal  neither  somatic  association  nor  positive 
heteropyknosis occurred.  They thus proposed  that 
somatic  association  and  positive  heteropyknosis 
of the X's are  prerequisites for  the appearance  of 
the sex  chromatin in  the  interphase  nucleus. 
We have also proposed previously  (1)  the possi- 
bility  that  in  male  nuclei  the  Y  inhibits  the  X 
chromosomes from forming a  distinct sex chroma- 
tin-like body.  In support of this view are the find- 
ings  of  Ohno  and  Hauschka  (36)  who  most  re- 
cently  suggested  on  the  basis  of  their  work  on 
mouse carcinomas that the "loss of one or both Y's 
from  malignant cells is  responsible  for  the  mani- 
festation of positively heteropyknotic condition by 
one of the  two  X's."  If this were  to  apply  to  our 
male  polyploid  nuclei  with  heterochromatic 
bodies then one would  have  to  assume  that these 
nuclei  have lost the Y  chromosome.  No  evidence 
is  available  to  support  this  view. 
Another  alternative  explanation  is  also  based 
on  the  already  cited  report  by  Ohno  and  co- 
workers (12) who observed that in dividing female 
nuclei of regenerating rat liver only one of the two 
X  chromosomes of the female nucleus is positively 
heteropyknotic  from  early  prophase  till  meta- 
phase,  whereas  the  other  chromosome  is  isopyk- 
notic to the autosomes.  In male nuclei neither the 
X  nor  the Y  chromosomes demonstrated  positive 
heteropyknosis.  These  workers  were  also  able  to 
observe that in liver and skin nuclei of the female 
chicken,  the  single  sex  chromosome  (Z)  is  posi- 
tively  heteropyknotic  whereas  both  sex  chromo- 
somes  (ZZ)  of  homogametic  male  nuclei  are 
isopyknotic  (37).  These latter observations helped 
explain  the  surprising  findings  of  Kosin  and 
Ishizaki  (38)  that  the  interphase  nucleus  of  the 
female  chicken  contained  a  sex  chromatin-like 
body even though the  male  was  homogametic. 
In  keeping  with  the  findings of Reitalu  (2,  3) 
in the rat and  man,  and our present observations 
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bodies in tetraploid  nuclei of the female rat liver. 
From  early  prophase  till  metaphase  these  tetra- 
ploid  nuclei  demonstrated  two  positively  heter- 
opyknotic  and  two  isopyknotic  X's.  Male  tetra- 
ploid  nuclei  showed  no  heterochromatic  body  at 
co 
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FIGURE 6 
The  individual  sex  chromatin  bodies  (diploid 
female  nuclei)  and  heterochromatic  bodies  (all 
other  nuclei)  (*)  according  to  their  DNA  value 
and  sorted  according  to  the  nuclear  class  from 
which they stem. Top three graphs from the same 
nuclei  of  the  female  embryo  shown  in  Fig.  2, 
lower  three  graphs  from  the  same  nuclei  of  the 
male  embryo  shown  in  Fig.  3.  Note:  In  the  pre- 
vious  figures  the  heterochromatic  bodies  of each 
nucleus  are  added  together  and  entered  as  a 
single point.  In  these histograms they are entered 
individually. 
interphase and  neither the  two  X's  nor Y's were 
positively heteropyknotic.  These workers therefore 
concluded  that  only  one  X  chromosome  of  the 
female  nucleus  gives  rise  to  the  sex  chromatin 
body.  Although these  observations in  the rat can 
be brought into accord with our findings in human 
female  nuclei  they  do  not  agree  completely  with 
our  findings in male  polyploid  nuclei.  As will  be 
remembered  some  of  the  male  polyploid  nuclei 
had  heterochromatic  bodies  whose  DNA  value 
was  approximately  one-half that of a  female  nu- 
cleus  of  the  same  nuclear  DNA  class.  Possibly 
these  heterochromatic  bodies  which we  found  in 
male  nuclei  are  not  related  to  the  sex  chromo- 
somes  but  merely  clumps  of  heterochromatin 
derived  from  the  autosomes.  The  fact  that  they 
are  not found  in all polyploid  male  nuclei would 
support this view.  On  the other hand it would  be 
expected  that  similar  clumps  would  be  found  in 
female  nuclei if they were  of autosomal origin.  If 
this  were  so  in  female  nuclei  the  constant  ratio 
would  not have been observed between  the DNA 
value  of the  sex  chromatin  and  heterochromatic 
bodies  and  the  nuclear  DNA  index.  Since  our 
error  in  determining  the  DNA  value  of  small 
heterochromatic  bodies  was  large  the  possibility 
that the  heterochromatic  bodies which  we  meas- 
ured in male nuclei are  clumps of autosomal ma- 
terial cannot be excluded.  It must be remembered 
that  Ohno  el  al.  made  their  observations  in  rat, 
mouse,  and chicken tissues.  If within a  single ani- 
mal such as  the mouse  different tissue nuclei can 
have  chromosomes  which  behave  differently  in 
respect  to  somatic  association  and  isopyknosis 
then,  it  would  be  very  possible  that  the  sex 
chromosomes of human  nuclei  behave differently 
from  those  of  the  mouse.  It  still  remains  to  be 
determined  in which animals a  single X  chromo- 
some is heteropyknotic and  then why only one of 
the  two  X's  behaves  in  this  way.  When  this  is 
understood it will perhaps be possible to interpret 
our findings. 
CONCLUSIONS 
Our results alone do not supply the answer to the 
first question we  posed  in the introduction.  They 
do indicate that with each doubling of the chromo- 
some  complement  of  the  female  nucleus  the  sex 
chromatin  also  doubles.  This finding when  taken 
together with those of Ohno et al.  (12,  34-37)  and 
Reitalu  (2,  3),  leaves  little  doubt  that  the  sex 
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both X  chromosomes.  In the light of this evidence 
proposals  which  have  been  made  that  the  sex 
chromatin  is  a  metabolic  product  or  a  tertiary 
sexual  characteristic,  become  most  unlikely 
(39,  40).  Alternately it is possible  that  because  a 
nucleus  has  two  X  chromosomes which  are  posi- 
tively  heteropyknotic  and  show  somatic  associa- 
tion,  it  and  its  cell  may  respond  differently  to 
extracellular  environmental  factors,  i.e.  sex 
hormones,  than a  nucleus lacking  heteropyknotic 
sex  chromosomes.  Ohno  and  associates  (34,  35) 
showed  that  somatic  association  and  heteropyk- 
nosis  occur  in  those  tissue  nuclei  of  the  mouse 
which  are  in  some  way  dependent  on  the  sex 
hormones  (Graafian  follicle  cells  and  epithelium 
of  lactating  mammary  glands).  In  other  tissue 
nuclei  of  this  animal  the  sex  chromosomes  are 
neither heteropyknotic  nor do  they show  somatic 
association.  Hienz  and  Ehlers  (41,  42)  presented 
some evidence  that sex  chromatin-positive  mam- 
mary carcinomas from women respond favourably 
(decrease  in  size)  to  androgen  therapy  whereas 
sex chromatin-negative ones are  not estrogen de= 
pendent.  These  findings  were  also  supported  by 
Kimel  (43).  However,  none of these workers have 
published sufficient number of cases to substantiate 
this  fact.  We  intend  to  use  the  basis  we  have 
established  in  this  work  of the  sex  chromatin  to 
nuclear  chromatin  relationship  in  normal  nuclei 
for  a  study  of  this  relationship  in  mammary 
carcinomas from humans. 
As was shown, question 2 can be answered with 
certainty.  Female  nuclei  which  contain  multiple 
or  large  heterochromatic  bodies  are  always 
polyploid.  Presumably each  positively  heteropyk- 
notic X  or XX  pair,  as the case may be in man, 
gives rise to a sex chromatin body in the polyploid 
nucleus. 
Question 3 must remain unanswered.  The DNA 
content of female nuclei containing no sex chroma- 
tin does not differ from those with sex chromatin. 
Once again it must be emphasized that the loss of 
a  single  or  a  few  chromosomes might not reduce 
the  nuclear  DNA  content  sufficiently  to  be  de- 
tected with our method.  We can thus add  no evi- 
dence  for  or  against  Reitalu's  (2)  observation  of 
sex chromosomes being extruded from the nucleus 
during  division.  Assuming  though  that  a  loss  of 
sex  chromosomes  is  not  the  reason for  their  lack 
of a  heterochromatic body then there still remains 
the  possibility that a  disturbance  has occurred  in 
these  rare  nuclei  which  causes  the  X  or  X's, 
whichever the case may be,  to remain isopyknotic 
in  interphase.  It  is  also  possible  that  early  de- 
generative  changes  which  are  so  slight  that  they 
cannot  be  recognised,  are  sufficient  to  mask  the 
heterochromatic  bodies.  Here  again  a  better 
understanding of the  mechanism involved  in  the 
transition  of  the  chromosomes  of  mitosis  to  the 
heterochromatin ofinterphase  might help  explain 
the findings. 
In response to question 4  we now know that all 
male  nuclei  which  have  a  heterochromatic  body 
whose  morphologic  appearance  resembles,  and 
whose DNA value equals that of the sex chromatin 
of  the  diploid  female  nucleus  are  polyploid. 
However, as was discussed previously, not all male 
polyploid  nuclei  have  heterochromatic  bodies 
which  meet  the  above  mentioned  requirements. 
Again, nothing more definite can be said until the 
process  of  sex  chromatin  formation  is  better 
understood. 
We  would  like  to  express  our  appreciation  to 
Professor T. Koller and Dr. A. Hauser of the Women's 
Hospital,  Basle,  for their help in collecting material. 
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